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'This r e p o r t  was generated ir, accordance w i t h  the  requirements c f  JPL 
F'urchzse Order KO. CA-388009 t o  s u n m r i z e  the wark during Phzse 111 of  a 
hea t  s t e r i l i z a b l e  n i c k e l - c d m i m  c e l l  t e s t  prsgram. The o b j e z t i v e s  of 
t h i s  w ~ r k  were t o  c~;.i.p;lre the  e l e c t r i c a l  p e r f o r m a c e  o f  nickel-cadr;:ium c e l l s  
capable fof hea t  s t e r i l  Tea t lor? ,  both c o n t r o l  ( u n s t e r i l i z e d )  and hea t  s t e r i l i z e d  
c e l l s ,  with v a r i a t i o n  i n  di-scharge x t e  ( C / j ,  C/2 and C )  and temperature  
(32"F, 75°F and l l O " F ) ,  and t o  conpare t h i s  e l e c t r i c a l  perforfiance wi th  cells 
t e s t e d  under Phase I. 

This r e p o r t  was prepared by H.?. Fogle 2nd R.N. R.idhards, who a c t e d  as 
Troject EngLrieers for TRW. Id. R .  S c o t t  was the P r o j e c t  D i rec to r .  Mr. 
Winfield Yeaney was t h e  Technical Representa5ive f c r  JPL. 



The r e s u l t s  of t h e  "Heat S t e r i l i z a b l e  Nickel-Cadmiun? Cell  E l e c t r i c a l  
Performance I n v e s t i g a t i o n "  (Phase 111) showed t h a t  i n i t i a l l y  a g r e a t e r  
percentage (73 percen t )  of  t he  s t e r i l i z e d  c e l l s  had a h igher  c a p a c i t y  
than comparable n o n s t e r i l i z e d  c e l l s .  A t  t h e  t e rn5na t ion  of t he  t es t ,  
only 45 percent  of t h e  s t e r i l i z e d  c e l l s  showed a h ighe r  c a p a c i t y  than  
comparable n o n s t e r i l i z e d  c e l l s .  
da t a  with t h a t  o f  Phase I t e s t i n g  showed t h a t  t h e  f ina l  c a p a c i t i e s  of  
Phase I were comparable with t h e  i n i t i a l  c a p a c i t i e s  o f  Phase 111, t h a t  
i s ,  a g r e a t e r  percentage (73%) of t h e  s t e r i l i z e d  c e l l s  showed h ighe r  
c a p a c i t i e s  than  comparable n o n s t e r i l i z e d  c e l l s .  There were some c e l l s  
which exh ib i t ed  i r r e g a l a r i t i e s  of  input  and output  Capac i t i e s ,  t h a t  
i s ,  they showed high i n p u t  c a p a c i t i e s  coupled with low output  c a p a c i t i e s  
o r  low i npu t  c a p a c i t i e s  coupled vrith almost equa l  ou tput  c a p a c i t i e s .  
A higher  percentsage o f  t h e  c e l l s  showing these  i r r e g u l a r i t i e s  had n o t  
been subjected t o  s t e r i l i z a t i o n .  
capac i ty  r e f l e c t e d  i tself  i n  a high output  oaphci ty  and a low i n p u t  
capac i ty  r e f l e c t e d  itself i n  a low output  capac i ty .  
i nc reas ing  t h e  d ischarge  rate a t  a s p e c i f i c  temperature  r e s u l t e d  i n  
decreasing t h e  output  capac i ty .  In genera l ,  t h e  i n p u t  c a p a c i t i e s  
increased  as t h e  temperature Increased.  
given discharge r a t e  were low a t  32°F (2.23 ampere hours), were a 
maximit a t  75°F (3.51 ampere hours) and then  f e l l  o f f  a t  110°F 
(2.07 ampere hours ) .  
Phase I11 t e s t i n g  b u t  i t  i s  doub t fu l  the f a i l u r e  r e s u l t e d  from t h e  
cyc le  regime. 

A comparison of t h e  Phase I11 c a p a c i t y  

I n  phase I t e s t i n g ,  a high i n p u t  

The e f f e c t  of 

The output  c a p a c i t i e s  f o r  a 

One c e l l  ( n o n s t e r i l i z e d )  f a i l e d  during t h e  

ii 
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SUMMARY 

All c e l l s  subjected t o  t h i s  t e s t  p r o g r m  showed a negat ive  
leak t e s t  a t  t h e  te rndnat ion  of cyc l ing .  

Ce l l  dimensions and wsights  measursd a t  t h e  t e rmina t ion  of 
t h i s  t es t  program were the  same as those  a t  t h e  te rmina t ion  
of Phase I t e s t i n g .  

The cycl ing sequer.ce produced one c e l l  failiare. 
s t a r t e d  t o  show a dec l ine  i n  both  i n p u t  and ou tpu t  Capac i t ies  
a t  &out  cycle  mzbtlr t h i r t j .  ( 3 0 ) .  
and the c e l l  was removed from t e s t  a t  cyc le  number t h i r t y - s i x  
(36). This c e l l  was an u n s t e r i l i z e d  c e l l  Which had keen sub- 
jec ted  t o  t h e  l i f e  cycl-ing only  of Phase I t e s t i n g .  

Cell SbJ 3017 

This dec l ine  ccnt inued 

A t  t h e  t e r n i n a t i o n  of Phase I ,  73 percent  of t h e  s t e r i l i z e d  
c e l l s  u l t ima te ly  s e l e c t e d  f o r  Fhase I11 t e s t i n g  showed higher  
capac i t i e s  t h a n  non- s t s r i l i zed  c e l l s  which had been subjec ted  
t o  t h e  sane t e s t  condi t ions .  
higher c a p a c i t i e s  tile range was frm 1.3 t o  163 psrcent  h igher  
with a n  average of 5 1  percerk.  
f o r  t h e  s t e r i l i z e d  ce l l s  was 2.94 anpere hour s ,  and t h a t  for 
t h e  non-s te r i l i zed  m s  2.62 ampere hours .  A t  t h e  l n i t i a t i o r i  
of Phase 111, 81 p r c e n t  of t h e  s t e r i l i z e d  c e l l s  showed h igher  
capacities; but t h e  czpacity range had decreased t o  0.9 t o  
41 percent h igher  with an average of 16.6 percent .  
output capcity was 3.56 ampere hours f o r  s t e r i l i z e d  c e l l s  ar,d 
3.32 ampzre horrrs f3r non-s t e r i l i zed  c e l l s .  
of Phase I11 t e s t i n g ,  on ly  1b5 percent  of t h e  s t e r i l i z e d  c e i l s  
showed a higher c a p c i t y  than  cornparable c e l l s  hihich had not, 
been s t e r i l i z e d .  
t h e  r a g e  ' a s  from 12 t o  28 percent  h ighe r  w i th  a n  ?-.;rzrag,e or" 
20 p r c e n t .  
f o r  s t e r i l i z e d  c e l l s  and 1.99 ampe-e hours  for non-s t e r i l i zed  
c e l l s .  

For s t e r i l i z e d  c e l l s  s?midng 

The average output  c s p a c i t i e s  

The average 

A t  t h e  t e n i n ? w t i o n  

For s t e r i l i z e d  c e l l s  showing highor c s p a c i t i e s ,  

The average au tpa t  ca-=city was 2.97 x-zlere hc7:rs 

A t  t h e  te rn ina t ior .  of t h i s  t e s t ,  a l l  c e l l s ,  except  t h a s e  
which had bee:: on open c i r c u i t  o r  f l o a t  charge for 300 Uzys 
during Phase 1 t e s t i n g ,  exh ib i t ed  oa tpu t  c a p a c i t i e s  i n  the  
v i c i n i t y  of two (2) anpere-hours. The 300 day open c i r c u i k  
a.nd float charge c e l l s  e,YjlLblted output  c q a c i t i e s  or' appro-d- 
matelg 2.4 mpere-kaurs.  
capEci t ies  of these cells my be t h a t  t h e y  had e,xperienced 
orily orbe charge-d iscbrge  cyc le  &x-ing Pha;e 1 t e s t i n g ,  tzhlle 
the o t h e r  c e l l s  received from 70 to 3aC, cyc le s .  

The rezson for t h e  s l i g h t l y  h igher  

Coqar i son  o f  t he  initLal c a p a c i t i e s  (10th cyc le ,  75"F, and 
0.890 a q e r e  discharge ra te)  with t h e  f i n a l  c a p a c i t i e s  (64th  
cycle ,  sane condi t ions of temperature  and ra te)  shcws t h a t  
there  was l i t t l e  o r  110 decrease o f  c e l l  c a p a c i t y  f o r  c e l l s  
which comFleted t h e  t e s t .  



SUMMARY (Continued) 

7) I n  g e n e r a l ,  t h e  input c a p a c i t i e s  i nc reased  as t h e  tempera ture  
was  increased .  The output  c a p a c i t i e s  for a g iven  d i scha rge  
r a t e  were low a t  32'F 
f e l l  o f f  aga in  a t  110 F .  
c e l l s  of 0.800 antperes d ischarge  ra te  was 2.23 ampere hours 
a t  32OF ( c y c l e  2 7 ) ,  3 .  jloampere hours a t  75OF ( c y c l e  lG), and 
2.07 ampere hours  a t  110 F ( cyc le  42) .  

The e f f e c t  of increased  d ischarge  r a t e  a t  a given tempera ture  
resul ts  i n  decreas ing  t h e  output capac i ty .  
more pronounced a t  32'F and llO°F than  a t  75OF. 

0 were a t  a maximum at  75 F ,  and t,heri 
d The average output  capac i ty  of t h e  

8 )  
This  e f f e c t  was 



The purpose of t h i s  r epor t  Ls t o  present  t h e  r e s u l t s  of  tlie t e s t  and 
eva lua t ion  ph;.sc of a Nicksl-C;ximium Heat S t e r i l i z a t i o n  C e l i  
Cha rac t e r i za t ion  Test P r o g r m  perforined for t h e  Je t  Propulsion Lab- 
ora tory ,  C a l i f o r n i a  I n s t i t u t e  of Teck~o logy ,  under JPL Contract  
CA-398009 sponsored by the Nat iona l  Aerorimti c s  and 3pLce Achin is t ra -  
t ior .  under Cont rac t  NAS 7-10G. 

Tests were performed on th i r ty-one  (31) li .O m:pere-i:our !ID!! s i z e  
Sonotone n icke l  - c a d i i n  c e 1 . l ~  capable o f  h e a t  s t e r i l i z h t i o n  i n  
accordance with t h e  p r o g r n  as out;.ined i n  J T L !  s.  !TJickei-Caciri:lur: 
Test ing,  Cont rac t  95109.2, ibIodi f i - ca t ion  2 Statement o f  Work", dated  
30 August 1.966, and TRW Systenis Test Procedure 9363 . i + - 3 1 L 3 ,  e n t i t , l e d  
"Heat S t e r i l i z a t i o n  Testing of Nickel-Cadmi-urn C e l l s ,  '! dated  28 A p r i l  
1965, as modified by Purch.ase Order Ch-388009, da ted  I G  Novcmber 1966. 

The t e s t s  were designed t o  de t e rn ine  t h e  e f f e c t  of varyipg tile r z t e  
and temperature of discharge on c e l l s  and t o  compare the  pe r fo rmnce  
of the c e l l s  under these  cc;.ditior:s with t h e  perfzrrnance of Fhsse I 
(Nickel-Cadmium C e l l  Heat Sterilization Test  Prograv) . 
The c e l l s  used i n  t h i s  t e s t  were c e l l s  t h a t  had surv ived  t h e  Phase I 
t e s t i n g ,  which included l i f e  t e s t ,  open c i r c u i t  s to rage  t e s t  and 
cons tan t  c u r r e n t  f l o a t  t e s t .  Perfom.ar!ce characteristics of  n m -  
s t e r i l i z e d  and s t e r i l i z e d  c e l l s  were compared t o  determtne t h e  e f f e c t s  
of  the v a r i a b l e s  of t h i s  tes t .  

The t empera twe  of t h e  c e l l s  was r egu la t ed  by piaci t ; j  them ?h a 
tenpera ture-cont ro l led  forced air chzrnber.. 4-3 x t o r n a t i c  b a t t e r y  cell 
test  console  (same as used ir, t he  Thase I t e s t i n g )  was used f o r  cyc l ing  
t h e  c e l l s  and provided c e l l  p ro t ec t ion  f r o a  o v e r v o l t 3 g ~ / ~ ~ . ~ e r v o l t a g e  
condi t ions  and f r o m  commercLa1 powm f a j  l u e s .  Tie console  was pra-  
g r m e d  t o  perform. one charEe/discharge cyc le  pr3r day. 



3 .O DEFINITION OF TERMS 

The t e s t  items used were c e l l s  which had s u c c e s s f u l l y  completed Phase I 
of t h i s  program. 
of t h e  Phase I F i n a l  Report of JPL Contract  ?5102. All c e l l s  used i n  
t h i s  t e s t  program were of cy l ind r i ca l .  cons t ruc t ion ,  had a n imina l  
capac i ty  of 4 ampere hours,  and were manufactured by t h e  Sonotone 
Corporat ion.  

C e l l  i d e n t i f i c a t i o n  i s  s p z c i f i e d  i n  Sec t i cn  3.1.6 

3 .I Control C e l l  

A. c o n t r o l  c e l l  was a c e l l  which had n o t  been subjec ted  t o  h e a t  
s t e r i l i z a t i o n  during Phase I .  

3 02 S t e r i l i z e d  C e l l  

A s t e r i l i z e d  c e l l  was a c e l l  which had been sub jec t ed  t o  t h r e e  (3 )  
t h i r t y - s i x  hour temperature cyc les  from 23°C t o  Uf"C during Phase I .  
The exrct .  t ime schedule o f  t h e  s t e r i l i z a t i o n  cyc le s  is descr ibed  i n  
Sec t ion  3.1.7.2 o f  t he  Phase I F ina l  Report .  

3.3 Cel l  Ckarge Requirements 

A l l  c e l l s  were charged a t  a cons tan t  cu r ren t  of 4ci' ITA f o r  a pe r iod  
of I& hours o r  u n t i l  t h e  c e l l  vo l tage  increased  to 1.55 volts a t  32"F, 
1.52 v o l t s  a t  75°F (which i s  a dev ia t ion  from Thase I Tes t ing ) ,  1.46 
a t  llO°F, whichever occurred f i r s t .  
s e l e c t e d  from a l inear  p l o t  of vo l tage  versus  temperature  of similar 
type c e l l s .  

Tn? above end of  charge were 

"he f o l l o i d n g  t o l e r a n c e s  were mainiair;cS d x i n g  charging : 

+ 5 ma 

+ 10 ma 
- C u r  ren  t me a su r e men t 

Current  r egu la t ion  - 
Voltage L i m i t  S e t t i n g  

C e l l  vo l tage  measurement 

Voltage c a l i b r a t i o n  

Time c o n t r o l  and da ta  p r i n t  

Chamber temperature 

1.55 2 O.GG5 Vdc at, 32°F 
1.52 + O.GG5 Vdc a t  75°F 
1.46 5 0.005 Vdc a t  110°F 
+ 10 MV ( p r i n t  c h a r t  record ing)  

+ 1 M V  

+ 1 rriinute 

- 
- 
- 
32" + 3 " F  
'75" -3°F  
110" ,$ 3°F 



Cell Discharge Requirements 

The c e l l s  were discharged a t  a cons tan t  c u r r e n t  ra te  of  0.800 
ampere, 2.0 amperes, 4.0 aiiperss and 6.0 amperes t c  a n  undervol tage 
limit of 0.6 volt. The fol lcwing to l e rances  were maintained durihg 
d ischarg ing:  

Curren t  measurement - + 5 ma 
Current  r e g u l a t  ior, 

Vo1.t age l i m i t  se t  t i n e  

Voltage c a l i b r a t i o n  

- + 10 ma 

0.60 2 0.01 - d t  

- + 1. FV 
Cel l  vol tage  measurerrent - + 1 0  KV ( p r i n t  c h a r t  recard ing)  

+ 1 minute - Time c o n t r o l  and da ta  p r l n t  

I Chamber temperature  32" + 3°F  
75" 5 3°F 
110" F 3°F  
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4.0 CELL CHARACTERIZATICr\J TESTS 

The purpose of t h i s  t e s t  was t G  determine i f  t h e  c e l l  c a p a c i t i e s  
measured a t  t h e  te rmina t ion  of Phase I cculd  be maintained a f t e r  
cyc l ing  a t  va r ious  ternperature/discharge-current combinatj-ons . . 

4.1 Cel l  C h a r s c t e r i z a t i o n  Test Set-Up 

The t e s t  f i x t u r e  and recording equipment used i n  t h i s  t e s t  were t h e  
same as t h a t  used i n  Phase I, l i f e  cycle  t e s t i n g .  
r e f e r r e d  t o  Phase I F i n a l  Report f o r  a d e t a i l e d  d e s c r i p t i o n  of t h e  
t e s t  f i x t u r e .  

The r eade r  i s  

4.2 Cel l  P r e p a r a t i m  C harac t e r i .  z s t i o n  Tes t ing  

4.2.1 Cel l  and Cycle I d e n t i f i c a t i o n  

t .2 .1 .1  Cel l  I d e n t i f i c a t i o n  

For t h e  purpose of t h i s  t e s t i n g  arid p r e s m t a t i o n  of d a t a ,  t he  
following i d e n t i f i c a t i o n  was used. This i d e n t i f i c a t i o n  was based 
on t h e  t e s t  sequence t h e  c e l l s  experienced i n  Phase I t e s t i n g .  

HS - Heat s t e r i l i z e d  

NS - No s t e r i l i z a t i o r .  

F - Floa t  charge 

OC - @en C i r c u i t  s tand  

L - L i f e  cycled 

Numerals - Number of days subjec ted  t o  :].oat charge,  open 
' c i r c u i t  stand arid l i f e  cyc le s .  

I:13?E: ,411 c e l l s  i n  tkis t e s t  thzt xeee sterilized, ;;2re s t e r l l i z e d  ir. 
t h e  discharged s t a t e .  

Exanple : HS - F270 - L30 

Tne above exzyLple shows t h a t  the  p a r t i c d m  c e l l  wzs s t e r l l i z e d ,  ther. 
f loat-charged f o r  270 days,  and then  l i f e  cyc led  39 days &wing 
Phase I t e s t i n g .  
ment, no f u r t h e r  i d e n t i f i c a t i c n  was made. 

Since 211 c e l l s  i n  &'_s t es t  rece ived  the sane t rea t -  

4.2.1.2 Cycle I d e n t i f i c a t i o n  

S h x  iiie cb.argP portio:: 2: each cycle  was ai t h e  a ~ i , e  rate ;rid the 
discharge p o r t i o n  was a t  d i f f e r e n t  r a t e s ,  t h e  d ischarge  ha l f -cyc le  
was used f o r  t h e  i d e n t i f i c a t i o n  of each cyc le .  
i d e n t i f i e d  by i? fou r  ( 4 )  c h a r a c t e r  alpha-nwxeric code combination 
de f in ing  a l l  t h e  parameters cf discharge hz l f -cyc les .  
t he  t e s t  code i s  as fol lows:  

Each cycle  w s s  

AD. ex%?ple Of 



Temperat.we code 

D l s  charge current;: 

-Cycle number 

A 2 01 
+ A s  spec i f i ed  i n  sec t ion  3.4. 

4.2.2 

4.2.3 

Temperature Code 

A - 75°F t e s t  temperature 
B - 32°F tes t  temperature 
C - 1 1 0 ° F  tes t  temperature 

C e 11 P o s i t  ion ing  

The c e l l s  xere p laced  i n  t,he hol.ding f%ures for placement i n  t h e  
Tenperature Chmber.  
f ixture  i s  given i n  Figure 1. 

The p o s i t i o n  of t he  c e l l s  i n  t h e  ho-lding 

Tempe ra tu re  Recording 

To determine t h e  e f f e c t  o f  c e l l  terriperature ar, t he  *Ly.ric,as d i sch i rge  
rates of the t e s t  sequence, 5hernocoiiples were p!c-e3 xl two of t h e  
t e s t  c e l l s .  
with g l a s s  f i b e r  t ape .  
was cycled three-hundred (330) dhys during Phase i life c p l e  t e o t i n g .  
The o t h e r  texperature-monitored c e l l  ( S h  3021) d s c  had t e e n  l i f e  
cyc led  300 days during Phase I t e s t i n g ,  bu t  was sl ibjected t o  h e a t  
s t e r i l i z a t i o n .  A s  can be seen from Figure: 1, t h e s e  c e l l s  wt:r.e i n  
p o s i t i o n s  1 a.nd 5 of  holding f i x t u r e  nunber 1. 

The theimocoupfes were taped t o  t h e  t c p  o f  two c e l l s  
One c e l l  (S/h 3015, n o t  h c a ~  s t e r l l t z e d ,  - 

I n  addi t ior!  t o  monitoring t h e  temperature of two of  t h e  t e s t  c e l l s ,  
t h e  temperature of t h e  Environnental  Chkiber was a l s o  monitored. 
All-temperhtures (two c e l l s  and chamber) were recorded on 3 Xul t i -  
p o i n t  S t r i p  Chart  Fzcorder. 
t h e  limits s p e c i f i e d  i n  Sec t lons  3 .3  and 3.4. 

‘he  temperatures  were o a i n t a i n e d  wi th ix  
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Chamber Ce 

5 4 3  2 

FIGURE: 1 

1 Location During Charac t e r i za t ion  TestLng 

. . . . . . . .- - . . 

Top view Bemco Chantber 
showing t o p  layer holding 
f i x t u r e s  holding f i x t u r e s  

6 I n d i c a t e s  c e l l s  t o  which thermocouples were a t t ached .  

Ceil Mounting Cel l  Cell Cel l  Mounting Cell, Ce l l  
Fixtu-e P o s i t i o n  S/N F i x t u r e  P o s i t i o n  S/N 

1 1 3015 5 1 2975 
2 3016 2 2999 
3 3 017 3 3000 

3 020 4 2979 
2980 

4 
5 3021 5 

Top view Bemco Chamber 
showing bottom l a y e r  

- 

2 

3 

L 

1 302% 
2 3 023 
3 3025 
4 2966 
5 29 69 

1 2992 
2 2972 
3 2973 
4 2997 
5 2998 

1 . 2974 

6 

7 

1 3001 
2 3002 
3 2981 
4 29 83 
5 3 0 3  

1 3 007 
2 2987 
3 2988 
4 3 013 
5 30u 
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4.3.1 Test Procedure 

A s  mentioned i n  S e c t i o n  4.1,  t h e  t e s t  s e t u p  was i d e n t i c a l  t o  t h e  
one used i n  Phase I ,  l i f e  cycle  t e s t i n g ,  and t h e  r e a d e r  is r e f e r r e d  
t o  t h e  F i n a l  Report  of thLs Phase I f o r  a d e t a i l e d  d e s c r i p t i o n  of 
t h e  se tup .  
f o r  t h r e e  months between Phase I and t h i s  t e s t .  

Tne tes t  c e l l s  were on open c i r c u i t  i n  t h e  charged state 

The c e l l s  were placed i n  t.ne c e l l  holding f i x t u r e s  and t h e n  placed 
i n  a Bemco Environmental Sharrber. The txmperature  of t h i s  .chamber 
was  con t ro l l ed  t o  a to1era;ice of 2 3.0°F as i n d i c a t e d  by F igu res  2 ,  
3 and I + .  
t h e  var ious  t e s t  temperatures  and rates of d i scha rge .  
were ser ies-connected t o  t h e  automatic  t e s t  console  which provided 
programming of t h e  charge-dlscharge sequence. 
prngxwnied charge and d ischarge  sequences,  t h e  t e s t  console  wds 
ad jus ted  t o  t h e  r q u i r e d  t e s t  ,prarx.ter accurac i e s  as def ined  i n  
Sec t ions  3 . 3  and 3.4. 
ce1l.s t o  one charge/discharge cyc le  pe r  day as pel' t h e  t es t  matrix 
of Table 1. 
was changed, t h e  ce l l s  were placed or! a twenty-lour ( 2 4 )  boar open 
c i x u i t  s tand  j u s t  p r i o r  t o  makir,g t h e  cEange. Figfire 5 I s  a p l o t  
of t h e  o p a  c i r c u i t  vo l tage  f o r  t h e  24 hour per iod bctxeen cyc le s  
23 and 24 (75OF). 
remained on open c i r c u i t  s tand  for 4 hours  be fo re  resumption of cyc l ing  
t o  allow t h e  c e l l s  t o  reach t h e  new temperature .  
s t a r t i n g  a tes t  sequence a t  a new ternperstnrc 
on t h e  t e s t  console was changed t o  t h a t  s p e c i . f i d  ic Sect ion  3.3. 
sixth ( 6 t h )  cycle of the t e s t  seqlence m s  a recmdii t ioni .ng cyc le .  
Following t h e  d ischarge  t o  t h e  vo l t age  limit as s ~ e c t f l e d  in Sect,ic.n -3 . i ,~,  
t h e  c e l l s  m r e  sho r t ed  with B l ohm r e s i s t o r  fa- sixLaen (16) hstrs. 
After t h e  s h o r t i n g ,  t h e  t e s t  seyiznce as per  s a t r i x  of 'Table 1 .ES 

cor-tinued. 
e r a se  m y  r e s i d u a l  e f f e c t s  from Phase I l i f e  cyc le  t e s t i n g .  As shotm 
by tke  t i s t  inatrix, a t e n 4 a y  open c i r c u i t  s tand  m s  i n l t i z t e d  a t  tke 
t e rmina t ion  o f  the discharge! of' t h z  65th cyc le .  
vo l tage  of t h e  c e l l s  v a s  ci.ecked p e r i o d i c a l l y  dsr i i ig  tkis cpen c i r c c i t  
s t and ,  and t h e  d a t a  arz  pres;nted i n  Table 2 .  
vo l tage  p r i o r  t o  charge,  a22 t h e  i n p t  ar,d su-iput capac i ty  f o r  each 
c e l l  was meascred f o r  each cycle dur ing  t h e  c e l l  character izat ion test,. 

These f i g u r e s  a r e  a p l o t  of tempera ture  versus t ime f o r  
The c e l l s  

Before beginning t h e  

The cyc l ing  tes t  cons i s t ed  of sub jec t ing  the  

A s  shown by t h e  t es t  matrix, when t h e  t e s t  temperature  

When t h e  test  temperature  was changed, t h e  cells 

h i so ,  p r i o r  t o  
.le ~ o l t a g i . :  Linit s-tLi.iig 

The 

This reconditiGr,i!ig cycle  ms ;7mpio;-ed t,? a t t m p t  ',c 

The open c i r c u i t  

The end of charge v~l ' ;ag-:  

4.3.2 C e l l  Charac t e r i za t ion  Test. ?-esults and D i s c x s i o n  

A swmry of t h e  o1itp.A c a p c i t i e s  of t h e  c e l l s  f c r  a c h  cycle  i s  
presented i n  Table  3. 
I n  this table  t h e  o-&put c a p c i t y  d a t a  f o r  t h e  f i rs t  ana last cyc le  a t  
each temperature  discharge-current  conbirtation are given.  

. 
Table 4 i s  a surmary Icg of the '~ ' fsut  c a p a c i t i e ~ .  



9 - c l e  Ho. 

1 - 5  
6 (b) 

7 - 11 
12 - 16 
14' - 21 
22 - 2: 

2l+ - 28 
2'? - 33 

-31: - 33 

39 - 1;3 
!& - 49 
50 - 53 

54 - 57 
j6 - 61 
52 - 65 

56 - 63 

- 

- 

- 

- 

T A B U  1 

CELL CHARACPEiUWTION TEST IIAT3IX 

DisciiarL;c: 
Tmp Current - _  Yoltage 

F (An:%) Linit ( 7 i d C )  
0 

75 0.80 0.6c 
75 0 . SO' 0.00 
75 O.EO 0.60 
75 2.00 0.60 
75 4.00 0.60 
75 0.80 d.60 
Open Circui t  Stand 2 L b  h o u r s  
32 0.co 0.60 
32 2.00 0.60 
32 4.00 O.$O 
@en Circuit  S t a d  2it hours 
110 0.30 0.60 
110 2.00 9.60 
l l 0  4.00 0.60 
Open Circui t  Stand 21; hours 
75 0.s3 9.63 
75 6.00 0.60 
75 0.8C 0.60 

2.00 0.60 
Open Circuit  Stand 10 Da;:s .- 113 

Cii?.r,r,e 
Current Vo1ta;c (a) 
(An&) Lirnit (vdc) 

0 . 400 1.52 
3.1:00 1.52 
0 . I:c>G 1.52 
0. L!.OO 1.52 
0 . )A00 1.52 
0 . 1tOi3 1.52 

0 . $53 1.&6 

I (b) Recondition Cpcle - Followed by a d l r x t  s>;.rt fcr l.5 hours.' 



TAE3I.E 2 

€€EAT STERILIImL3 !IICYXG-CADIiILT-I CIILL CHA:?ACTd?JZATIOII TEST 

Voltage hieasuramnts on Ten Day O?en C i r c u i t  Stand 

3om 
3021 
3022 
3023 
3 ~ 2 5  
2766 
2369 
2992 
2972 
2373 
2997 
2998 
2974 
2975 
2999 
3om 
29'79 
2980 
3001 
3002 
2981 
2983 
3 0 3  
3 w  
2987 
2?8S 
3013 
303.4 

(4 
(b 1 

Open Circuit  Voltage 

2nd Day 

1.290 
1.291 - 
1 290 
1.294 
I. 286 
I. 292 
3. 29c 
1 . 287 
1 . 287 
1 293 
1.288 

1 . 2?0 
1 292 
1.275 
1.292 

1.283 

1 . 293 
1.293 
1. 254 
1.285 
1 294 
1 251 
I. 292 
1.292 
1 . 296 
1 . 290 
1. 2% 
1 . 288 

1 294 
1 . 294 

j t h  Dr?x 

1.265 
1.285 

1.286 
1 . 287 
1.278 
1.235 
1 . 233 
1 . 2S6 
1 281 
1.285 
1 . 283 
1.276 
1 . 286 
3. . 26!: 
1.275 
1.283 
1.297 
l. . 2'94 
1.38& 
1.275 
1 290 
1 . 282 
I . 288 
1.233 
1.292 
1 . 283 
1 . 286 
1.281 
1.287 
1.286 

- 

6th Da;- 

1.285 - 
1 . 264 

1.286 
1 . 2% 
1 . 2?6 
1.2&1: 
1. 251 
1.23j 
1.2M 
1.284 
1,233 
1 . 276 
1.285 
1 . 2 3  
1. 275 
1.28j 
1,293 
1.2&'/ 
1.2@ 
1.289 
1.290 
1 . 265 
1.286 
1 . 2 k  
1.290 
1 . 2 a  
1.287 
I. 282 
1.287 
1.287 

- 

7%.! Day 

1.255 
1 234 

- 
1 . 255 
1.2% 
3..277 
1. 283 
1 . 281 
1.285 
1 D 27:7 
io 223 
10 252 
1.2'75 
1 . 286 
1.261 
1.275 

1 227 

I * 2% 
1.276 
1 . 24rc 
1 281, 
1 . 286 
1 . 233 

1 232 

7 0-r .  
L.Lt( 

1 290 
1 . 233 
1 287 
1.2313 
1.257 
1.297 

8 t h  Dav 

1.285 
1 . 263 

1.265 
1 . 284 
1.276 
1 . 282 
1 . 281 
1.285 
1. 27? 
1 . 282 
1 . 282 
1.275 
1.286 
1 . 2s0 
1. . 276 
1.283 
1 . 284 
1.237 
1.285 
1 . 276 
1.288 
1.283 
1 285 
1.283 
1.290 
1 283 
1 . 287 
1 . 281 
1.287 
1 . 286 

-Y 

- 

Cell failed prior to ten day operA c i r cu i t  startd t e s t  

No reading could be obtained, investigation showed a loose connection 

a 

10th Rx:.~ 

1.273 
1.2:t5 

1 . 279 
1.276 

(b) 
1.275 
1 . 2'71 
1.275 
1.2'Il.t 
1.276 
1.275 
1.267 
1 . 270" 
1. 274 
1 . 2?? 
1. 293 
1,245 
18 281 
1.233 
1.2'73 
1 s 2s; 
1.2'79 
1 . 202 
10 2% 
1.283 
1 . 281 
1.285 
1 . 283 
1.282 
1 . 282 

c_II -9- 

- 
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2374 

2399 
29-75 

3000 

TABLE 3 

HEAT S'I'EIIILIZpLaU iliCKEZ-CpI)Lb(JDl CELL . 

CHAR ACTE.? EAT IOK TEST 

Capalsit j  Output Swmm~1.y Table 
- - w - 

3.b8 0.60 2-38 r 2.41 

3-93 0.05 3.t- 3.18 
3-80 1.68 3 . a  3.161 

4.05 

Cell 
Ser ia l  No. 

Control C ~ U S  ( ~ O O - D W  L i f e )  

g,O6 2.811 
3017 0.85 2.69 
3020 4.23 2.68 2.57 

3025 

2981 
2983 
3003 
3007 

2CltY(C 

Cycle 

2.78 
3.16 
3.20 
2.7'~ 

L zr actc r 

A. 803 
e- 

4.03 
3.95 
4.05 
3.95 2 . g  3 . 9  3.20' 

3- 21 
2.81 
3.54 
3.32 

2987 

3013 
2988 

4.24 3.84- ' 4.52 I 4-10 
4.09 2.76 3.56 3.00 
4.13 4.20 ! k.62 3.93 

Ilm 
sation 
Cycle 
A. 804 -- 
3-22 ' 

3.24 ' 

3.41 
2.89 

3.52 
3.1k 
3.72 
3.65 

3.00 : 
3.81. ' 

3.62 

I 

3.42 
3.48 
3.58 
3-77 

2.76 
3.42 
3.45 
3.58 

3.68 

3.36 , 

3.76 

3.41 , 

3.84 
3.70 
3.81 
3.39 

4.33 ! 
3.16 i 

z s )  
zs t  Cycles 
Cycle 
A: 805 -- 
3-48 
3 . 2 5  
3.49 
2.94 

3.66 
3.25 
3.72 
3-16 

39 05 
3.9' 
3.64 

3.63 
3.54 
3.82 
3.82 

3.1k 
3.52 
3.53 
3.70 

3.98 
3.48 
3.32 
3.80 

3-09 
3.76 
3.61 
3.20 

4.4d 
3.18 
4.19 
4.17 A .. 

Cycle 
A. 806 

k' 
0 

* r i  

% 
5 
2 

3k 

k 
T I  

k 
W 

0 u 
W 
p: 

4.14' 
4.16 

Cycle 
A. 807 
-I 

3.34 
3.61 
3 . m  
3.38 

3 6 05, 
3.361 
3 961 
3.m. 

3.01 
3*?0 
3.9b 

3.70 
3.54 
3.57 
3.74 

3.5, 
3.36 
3.68 
3.9a 

3.92 
3. SQ 
3.62 
3.97. 

3.98 
3.83 
3.34 

'"9 
4.34 
3.33 
4.25 
4.13 
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HEAT STERILIZABLE NICEL-CADMIUM CELI, 
CHARACTEIIZATION TEST 

Capacity Outprrt Summary Table 3 (Continued) 

Characterization Test Cyc 
Cell Cycle ' Cycle Cycle ' Cycle 

Serial. KO. . A.808 A.809 A 810 A. 811 
Con t r 01 
3015 
3016 
3017 
3 0 a  

3.52 3.54 
3.22 3-20 
2.13 1.61 
3.001 3.01 

1 

2.93 

?3w 

:s Capa 
Cycle 
A ?12 - 
3-13 
2.86 

2.46 

3.26' 
2.83; 
3.10 
3.43 

t 

Cells frw Previous 

3.54 
3000 

froia Previous 

3.42 

w 
3.54 
3.53 
3.42 

3.54 
3.32 
3.81. 

Cells fran Previous 3OO-Dsy Stand ( 0 - D e y  L i f e )  

2988 3-30' 3.32 3.30 3 - a  4.03 
4.U 4.17 4.10 4-06 4-40 

a@ 4.65 4-37 4.361 ' 4 . 3  3.76 

. ty  Out 
Cycle 
A 23-3 

3- 23 
2.96 
0.60 
2.46 

-llc 

3.33 
2.83 
3.06 
3-46 

2.73 
3.60 
2 . g  

3.56 
3 . b  
3.53 
3.53 

2.63 
0.46 
2.95 
0.33 

0.43 
3.16 
3.93 

3.13 
2.50 
1.10 
0.93 

4.16 
3.25 
3.53 
3.60 

it (anpere-hour 
Cycle 
A 2l.4 

3.20 
2.90 

** 2. z3 3 

3.33 
,2.83 
3.06 
3.43 

2.70 
3.60 
2.85 

3-46 
3.40 
3.46 
3. L6 

2.56 
3.40 
3.23 
0.10 

3.30 
3-  30 
0.10 
3.50 

3.26. 
0.86 
3.60 
3.10 

4.23 
3-25 
3.46 
3-56 

Cycle 
A- 
3.16 
3.00 
0.56 
2.4-5 

3-33 
2.861 
3.10 
3.43 

2.701 
3 551 
2.83 

3.46 
3.36 
3 - 4 6  
3.46 

2.53 
3. 
3.03 
0.06 

3.33 
3.30 
0.03 
3.53 

3.33 
0.76 
3.60 
3.10. 

4.23 
3-26 
3.43 
3.53 

i - 
Cycle 
A a6 

3.20 
3 . 6  
0.80 
2.60 

3.40 
0.961 

- 
i 

;:z 
2.73 
3.63 
0.96 

3.53 
3.43 
3-53 
3.50 

0.46 
3-40 
3.cE 
G.10 

3-33 
3-30 
1.03 1 

0.10 

, 

3.30 
0.30 
3.60 
3.13 

1-73 
3.261 
3.361 
3.501- 
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HEAT STEBILIZABLE NICKEL-CADMIUP1 TEST 

runu A ,1m7;mr'7 ~ m - r n n i  nivrrm 
V I I A L L ~ L U L U I L L L J A ~ .  lUil 11531 

- 

Capacity Output Summary Table 3 (Continued) 
b 

it --_I 

Cycle 
A.823 

Characterization Test Cycles Capa 
Cell Cyc l~  Cycle Cycle . 

Serial No. ~ & 1 7  - -. ~ b 1 8  A 1~ --- 

(apere-hours) 
Cycle' Cycle 
~.821;  B.825 

- 

2.93 2.73 2.80 
3.13 . 3 . 6  3 .33  

0.66 0.86 
2*46 2.60 

frm Previous 42-Dm 
3.53 3.33 
3.46 3.401 
3.53, 3.401 
3.53 3.461 

frox 
-_I 

7 5 - D a  
2.20 
3.33 
2.73 
0.13 

.--- 

Staild ( 
- 3933 pi 3.53 

Stand ( 

0.6 

.!Temperature changed from 75" to 32OF. 

2.52 
2.62 
0.02 
0.3Q 

2.92 
2.411 
2.54 
2.86 

2.30 
3.02 
2.41 

3.22 
3.07 
2.8114 
2.58 

2.13. 
2.77 
2.29 
2.601 

2.78 
2.89 

2.74 

2.66 
1.40 
2.76 
2.56 

3.80 
2.81 
2.66 
2.76 

2.12 

2.5k 
2.80 
0.01 . 

3.M 
2.361 
2.84 
2.98' 

2.45 
3.29 
2.76 

3.cB 
3.24 
2. g c  
3. i!f  

1.85 
2.88 
0.5k 

. 2.76 

2.14' 
2.80 
2..3%1 
3.12 

2.70 
0 . 3 2  
2.46 
2.62 

3- 90 
2.97 
3.14 
3.16 
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)IEAT STE3ILIZPBLE NICKEL-CADMIUM TEST 
CPA.?P.CTFRTZ AT ION TEST 

Capacity Output  Stmunary Table 3 (Continued) 

Dischar&ed 
30 23. 
3022 
3023 
3025 

S t e r i l i z e d  
3.12 
2. a, 
2.97. 

3.40 
2.40 
2.40 

3.28 
2.82 

2973 
2997 
2396 

2.m 
3.22 3.19 

258-DEJ L 
2.27 
3.10 
2.30 
2.77 

' 

s Capic -- 
C-JClC 

a 230 

0.03 
2.50 
0.03 
2.07 

2.93 
1.60 
2.50 
2.53 

1- 

e )  
2.17 
2.83 
2.17 

- f e  1 
2. 
1. 
2. 
2. 

33 .  
13 
30 
83 

2.23 
2.33, 2.00 
3.241 2-97 

Cells from 
2981 
2983 
3003 
3007 

Previous 

2.70 

170-Day 
2.61 
o. 23 
2.16 
2.67 

1.47 
2.37 

;y Output (ampere-Hours 
Cycle 
B 231 

2.07 
2.57 
0.03 
2.07 

2.87' 
1.63 
2.57 
2.50 

2.13 
2-77 
2.0-( 

2.37 
3 - 1 3  
2.10 
2.87 

0.07 
2.50 
0.07 
2.23 

1.47 
2.10 
2.03 
2.97 

2.07 
1-27 
1.63 
2.17 

1.57 
2.70 
2.67 
2.83 

L j e l e  
-- B 232 

1-77 . 
2-27 
0.07 
1. go 

2.63 
1.47 
2.47 
2.20 

2.03 
2.57 
2.30 

2.27 
j. 10 

2-73 

e. 03 
2. ho 
0.03 
2.47 

1.07 

1.97 
2.83 

2.19 

2.00 

2.10 
2.47 
1.47 
2.20 

1.47 
2.70 
2.70 
2.87 

Cycle 
B 233 

1-73  
2-21  
0.07 
1.87 

2.57 
1.47 
2.57 
2.23 

2.00 
2.60 
2.30 

2- a- 
3.13 
2.10 
2.83 

0.03 
2- 37 
0.03 
2.47 

1.17 
1.97 
2.00 
2.81 

2.10 
2-53 
1 .43  
2.17 

3-  47 
2-77 

Cycle 
B 234 

1 -73  
2.30 
0.07 
1.83 

2.53 
1.50 
2- 57 
2.23 

2.03 
2-53 
2.27 

2.23 
3.17 
2.03 
2.83 

0.03 
2.37 
0.07 
2.47 

1.10 
1-93  
2.00 
2-97 

2.10 
2 57 
1.37 
2.20 

3.43 
2-73 
2.63 
3- 57 



Page 2Q 
HEAT STERILIZABLE NICKEL-CP.DI,I-LJH TEST 

CHARACTERIZATION TEST 
Capacity u u t p u t  surmzry "ia~le 3 ( ~ c n t i n n e d )  

I 

Discherged. S t e r i l i z e d  Cel l s  
.30U 2.33 2 . q  
3022 1-07  1.00 

Wempereture changed from 3 2 O  to 110OF. 

ry Outp 
Cycle 
c.840 

2.25 
e. 40 

2.31 

3-52 
2.13 
2.51 
2.45 

2.51 
2.77 
2.56 

..- 

7- 

--e- 

2.51 
2.75 
2.52 
3.17 

2.16 
2.75 
2.13 
2.69 

2.29 
2.39 
2.53 
2.91 

2.68 
2.68 
2-59 
2.53 

3.28 

3.36 
3-55 

r) 7 1  L. IJ. 

C. 841 --. 

2.03 

1.93 

2-39 
1.89 
2.21 
2.21 

2.12. 
v--- 

2.36 

2.23 

2.28 

2.28 

2.45 

2.41 

2.79 

2.00 
2-59 
1.04 
2. Ti 

2.08 

2.24 
2.48 

2.13 

2.37 
2- 37 
2.39 
29 29 

3.03 
2. k8 
3.01 
3.24 

Cycle 
c 842 

l*% 

1.07 

2.23 
. i . ~  

2.09 

2.00 
--I- 

2.11 

2.24 

2. ll 
2.25 

2.11 
2.21 
2.16 
2.61 

1-91 
2.43 
1.76 
2.21 

1.9 
1.97 
2.12 
2.32 

2.23 
2.23 
2.28 
2.13 

2.88 
2.33 
2.81 
3.04 

Cycle 
c .843 

1.88 
1.08 

1 -75  
---- 

2.11 
1.75 
1.99 
1.99 

2.17 
2.19 
2.03 

2.08 
T.09 
2- 09 
2.45 

1.87 
2.37 

2.07 

1.&7 
1.87 
2.01 
2.16 

1.68 

2.11 
2 . n  
2.23 
2.03 

2.81 
2.24 
2.65 
2.00 



Page 21 
HEAT STERILIZABU NICKEL-CADM1UT.Z CELL 

CHAFACTERIZ AT ION TEST 

L C a p c i t y  Output -- -- Simnary Table  3 (cont inu&) 

2-57 ’ 2:hO 
2.00 

- 3013 2.23 
13014 2.33 

Cel l  - 
Serial  NO. 

-e-- ---- ---- ---- 
1.87 

2.57 
1.97 
2.17 
2.23 

C e l l s  fron Previous lF/O-Dayv Stand ( 1 3 G - D ~ y  
1.90 1-67 1-80 -1-TT 

2983 1-87 p 
1.73 

E Outpu 

c 449 

1-27 
1 - 5 3  

1.47 

Cycle 

-u’ 

1.53 
1.20 
1 -53  
1.53 

1 - 7 3  
1*Y3 
1.53 

1.67 
1.60 
1-53  
1.87 

1 - 3 3  
1.60 
1.20 
1-53  

1 - 3 3  
1 -33  
1.67 
1.80 

1.67 
I.. 67 
1.80 
1.60 

2.33 
1.80 
1.87 
2.07 

I (cnper 
Cycle 
c 450 

1.40 
1 - 5 3  

1.47 
---- 

1.53 
1.27 
1.47 
1 - s  53 

1.80 
1.73 
1.60 

1.73 
1.60 
1.63 
1 - 9 3  

1.40 
1.50 
1.20 
1.60 

1.33 
1 - 3 3  
1.67 
1.80 

1.67 
1.67 
1.80 
1.80 

2.40 
1.80 
1 -93  
2-07 

.hours : 
Cycle 
.- C 451 

1.40 
1 - 5 3  

1.47 
------ 

1.53 
1.20 
1.47 
1.53 

1.80 
1.73 
1.60 

1.73 
1.60 
1.60 
1 - 9 3  

1.40 
1.60 
1.q 
1.60 

1.33 
1 -33  
1.67 
1.80 

1.67 
1.67 
1.80 
1.60 

2.33 
1.80 
1-93  
2.01 

__yl 

Cycle 
C 452 

1.33 
1 .53  

1.53 

1.47 
1.27 
1.47 
1. rC7 

1.80 
1-73  
1 - 5 3  

1.67 
1.60 
1 - 5 3  
1 - 9 3  

--- 

1.60 
1.20 
1.53 

2-33 
1 - 3 3  
1.53 
1.80 

1.60 
1.67 
1.80 
1.60 

2.33 
1.80 ’ 

1 - 9 3  
2-07 



Control Cells ( 300-DW 1,ife) 
301 5 1-33 1.33 
3016 1.47 1.24 
3017 
3020 1-53 1.15 

--- --- -! 

3022 1.20 
3023 1.47 
3025 1.47 3 67 

3.33 3.55 3.52 
3.71 3.99 3.88 --- --- --- 
3.37 0.107 --- 

2992 

1.60 
1.20 
1- 53 

1.53 
1.93 

1.20 3.40 3.15 2.92 
1.U 0.89 0.48 0.92 
1.35 3.47 3-64  1 3.67 

Cclls frcn Previous ' (5 -Day  Stand ( 2 2 5 - D q y  Life) 
2974 1 1.40 I 1.41 I 3.11 1 3.17 ? 3.19 

2280 
3001 
3002 

1.33 1.03 3. i9  3.3% 3.39 
1-53 1 . 3 1  3.61 3.88 3.81 
1-73 1.40 3.79 3.88 3.87 

Cells from Frevious l l 7 - D ~  Stand (183-D~ 4i fe)  
2379 i 1-33 I 1.15 I .=-'3.83 ? 3.85 

Cells frm. 
2361 
2983 
3303 
3007 

Cells frm 
2987 
2988 . 
301 3 
3014 

1.67 
1-80 

1.41 13.28 1 3.37 1 3.36 
le60 I 

1 .65 3.72 3.91 3.88 
2.13 I 1.65 I 3.63 1 3.80 I 3.75 

W e m p r a t u r e  changed from 110" t o  75°F. 

3 .%O 
3.80 

1.00 
--- 

2.90 

3.80 
3 -50 

3 .oo 

2.80 
3 -70 
3.a 

3 .?O 
3 .bo 
2.81 
3 -90 

3.20 
3 .oo 
0. bo 
3.50 

3.80 
3.50 
3.60 
3.80 

4.10 
3 .go 
2 .YO 
3.30 

4 040 
3.60 
3.80 
3-60 

2.70 
3 030 

0.20 
--- 

2.20 
2.40 
3.20 
3 .oo 

2.10 
3 030 
2.90 

3.213 
3.20 
2.20 
3.40 

2 . l b Q  
2.50 
2.60 
3.10 

3.20 

3 .GO 
3 .io 

3.10 

3 -40 
3.30 
3 
2.80 

3.90 
3 .io 
3 -30 
3.20 

- -. 
Zycle 
D 660 

2.60 
3.30 

0.20 

- 

--- 

2.20 
2.60 
3.20 
3 .oo 

2.20 
3.30 
3.00 

3.20 
3.20 
2.20 
3.60 

2.50 
2.4G 
2 . b  
3.10 

3.30 
3.10 

3.30 
3.10 

3.50 
3 -40 
3 
2.90 

3 090- 
3.10 
3.20 
3.20 

-_-_-- 
Cycle- 
D c61 
--cI 

2.1a1 
3 .4(' 

3 .oo 
--- 

2.20 
2 .bo 
3.20 
3 .oo 

2.2v 
3.30 
3 .bD 

3.20 
3.20 
2.20 
3 .& 

2 .LO 
3 .OO 
2.60 
3.20 

3 030 
3.10 

3.30 
3.10 

3.50 
3.40 
3 .OO 
2.90 

3.90 
3.m 
3.20 
3.20 



. 

Cell Cycle Cycle Cgc3-e 

Control Cells ( ~ O O - D ~ Y  L i f e )  
3015 3.49 3.63 3.56 
3016 3 095 4.12 4.05 
3 017 
3020 3.57 3.91 3.88 

Ser ia l  No. D.862 D.$63 -- D.864. 
I 

--- --- --- 

2.27 
2.57 
2.17 

2.27 
2.43 
2.27 
2.a 

2.07 
2.50 
2.07 

Cycle ' -7- Cycle q c y c l e  
D.865 E 266 E 267 

3.53 2.83 2.;3 
3.97 3.10 2.13 

3.89 3.17 1.97 
--- --- --- 

hpere-Hours)  

--A__ Dischareed S t s : * i l i z d -  C - u O O - D a y  L i f  e l  
3021 3022 [:.::---I 3-04 3.95 3.04 

3 023 3.85 3.99 4.01 4.01 
3025 3.77 3.80 3.83 

3 .I7 3.23 3.24 3.25 
2.23 

2.40 --- 

2.60 2.30 

--- 
3.30(a) 2-20 

Cells from Previous  5-I)ay Stand (259-Da: 
29 66 I 2.51 I 2 .m 2.61 1 2!8?f?2.20 

I 

29 69 
2992 

3 -96 4.04 4.04 1 4.03 3.27 
3 -45 3.75 3.76 3.79 2.70 

2972 
2973 
2997 2.65 
2998 4.15 4.19 4.12 4.08 

m 
C d l s  from Previous 75-Day Stand (255-Day L i f e r  
2974 2.99 3.25 3.32 3.33 2.47 
2975 2.99 3.16 3.05 2.99 2.10 
2999 2.99 3.53 3.56 3.5? 2.30(' 
3000 2.99 3.81 3.83 3.95 2.90 2.50 

Cells f r m  Previous 117-Day Stand (133-&,:~. Life) 
2979 2.99 3.96 3.96 3.99 2.93 2.27 
2980 2.99 3.53 3.55 3.57 1-83 2.23 
3001 2.99 3-96 3.93 3.91 2.65(") 2.27 
3 002 2.99 3.99 3.97 4.00 3.10 2.67 

Cells from Previous 170-Day ~ Stand (l3O-Day L i f e )  
2981 2.99 4.05 '3.99 4.01 3.10 2.47 

3003 2-59 3.47 3.40 3.28 2.27 2.37 

1 

2983 2.99 3.79 3.79 3-81 2-70 2-47 

3 0 7  2.99 3.45 3-44 3.45 2-50 2-33 

3013 . 4.15 3ou 

Cycle 
E 268 

1.90 
1.90 

1.77 

2.03 

--- 

--- 
1.97 
2.00 

2.10 
2.23 
1.90 

2.03 

2 .oo 
2.40 

2.13 

1.87 
2.23 
1.83 
2.20 

1.97 
1.97 
2.00 
2.30 

2.17 
2.13 
2.17 
2.07 

2.63 
2.30 
2 .LO 
2.63 

Cycle 
E 269 

1.80 
1.77 

1.67 
--- 

1.93 
1.87 
1.93 
2.03 

2.13 
1.80 
1.97 

1;53 
1.57 
1.77 
2.27 

1.80 
2.10 
1.67 
2.10 

1.83 
1.80 
1.87 
2.17 

2.03 
2.00 
2.07 
2.00 . 

2.53 
2.17 
2.23 
2.50 

( a )  

(b) 

Estimated values from char t s ,  e s t j n s t e d  value within + 0.07 ampere-hours of 
actual yalue. 
Temperature changed from 75" t o  110OF. 

- 



Inspec t ion  of the  da t a  of Table 4 for t h e  f irst  d ischarge  cyc le  shows 
t h a t  81 percent  of t h e  c e l l s  which had been s t e r i l i z e d  in Phase I 
t e s t i n g  had higher  capaci tLes than  comparable c e l l s  which had n o t  
been s t e r i l i z e d .  The c a p x i t i e ?  of t h e  s h r i l i z e d  c e l l s  Sh3iri'ig 
higher  va lues  ranged from 0.9 p e i ~ e n t  t o  4 2  percent  h igher  wj t h  an 
average of 17 percent .  Piis Fhenonecz 'tias a l s o  cbserved t o  a much 
g r e a t e r  degree a t  t h e  t e r n i n a t i o n  of Phase I. 
Phase I, 73 percent  of s t e r i l i z e d  c e l l s  had higher  capLc i t i e s  t han  
ccnparable c e l l s  which had n o t  been s t e r i l i z e d .  
rariged from 1.3 percent  t a  1-36 percent  h igher  with an average of' 
51 percent .  
sequence used i n  t h e  Fhasc 111 t e s t i n g  reduced or tended t o  
reverse  t h i s  phenonena. 
percent  of t he  s t e r i l i z e d  c e l l s  showed a h igher  capac i ty  than  ccmparable 
c e l l s  which had not  been s t e r i l i z e d .  
higher  c a p a c i t i e s ,  t he  rarge was from 12  percent  t o  28 pe rcen t  with 
an average of 20 percent .  
performed dxrlng ths 6 th  cycle  of t h e  e l e c t r i c a l  performance i n v e s t i -  
ga t ion  cont r ibu ted  t o  t h e  temporary reduct ion  or r e v e r s a l  of the 
phenonena nasted a t  t he  terminat ion 9f.Ph;ese I and i x i i t i a t i o n  of 
Phase 111. 

A t  t h e  t e m i n a t i o n  of 

The c a p a c i t i e s  

Further  inspec t ion  of Table 4 shows t h a t  t h e  cyc le  

Pt t h e  ccnclusion of Phsse 111, only  45 

For  t h e  s t e r i l i z e d  c e l l s  showing 

It is poss ib l e  t h e  recondi t ion ing  cyc le  

Since the  temperature and d ischarge  rate of Phase I t e s t i z g  W ~ S  t h e  
same as tha t  used f o r  t he  first e leven  (11) cycles  01 the  cha rac t e r -  
i z a t i o n  t e s t i n g ,  a comparison o f  t h e  output  c a p a c i t i e s  for t h e  l a s t  
di-scharge h a l f  cycle  of Phase I with t h e  f i rs t  d ischargr  h d f  cyc le  
of t he  c h a r a c t e r i z a t i o n  (Phase 111) t e s t i n g  i s  preserited i n  Table 5. 
I n  Phase I, t h e  discharge half-cycle  was perfor-xd i n x d i s t e l y  a f t e r  
each corresponding charge IiaLi-cycle. 
f o r  Phase I11 c h a r a c t e r i z a t i c n  t e s t i n g  was p e r f o r x d  f i f ty - two (52) 
days a f t e r  the  assoc ia ted  chsrge ha l f -cyc le ,  whlci, KSS Ferfcmed a t  
t h e  te rmina t ion  of Phase I t e s t i n g .  
genera l ,  a decrease ir, d!-schai-ge czpac i ty  for t5;cse cells placed  or. 
open c i r c u i t  sta?id f o r  fifty-t.m (52)  dags iri t h e  charged s u t e .  
Severa l  c e l l s  shoved a v e ~ j  s l i g h t  i n c r s i s e  in capzciliy on s t z d i n g ,  
which coc ld  poss ib ly  be t h e  r e s u l t  of t h e  p a r t i c u l a r  c e l l s  accept lng  
a l a r g e r  charge on the  f i n d  charge ha l f -cyc le  than  the;; had during 
t h e  previous charge cyc les  of Phase I t e s t i n g .  Tin c e l l s ,  S/?? 2966 
and 3017, showed decreases  o f  1.8e m d  2.42 a?igere-h:ours r e s p e c t i - e l y .  
Note t h a t  cne of t h e  c e l l s ,  S/N 3217, which showed a s i z e a b l e  
decrease (2.42 ampere-hours) i n  c a p a c i t y  on cpen c i r c u i t  s t and ,  f a i l e d  
a t  approximately the  th i r t i e t ' n  (30%h) cyc le .  
had a high i n t e r n a l  impedance as i t  would reach  end of  charge vol tage  
immediately when placed on charge. 

T'r.c f i r s t  disc3:,.rge ha l f -cyc le  

The d a t a  of Ta5;3 5 ~ L o K ,  i~ 

This c e l l  appa ren t ly  

The end o f  charge vol tage,  input  c a p a c i t g  zr,d output  c a p a c i t y  versus 
cycle imii5cr for each cell =ye shown g r a p h i c a l l y  ir. Fig~res 5 through 
36. 
temperature-discharge r a t e  combination. 
c a p a c i t i e s  increased  as t h e  t m p e r a t u r e  increased .  
c a p a c i t i e s  f o r  a given &ischarge rate i s  low a t  32"F, h c r e a s s s  t o  a 
maximum a t  75"F, then  f a l l s  of f  aga in  a t  I l O O F .  

output c a p a c i t i e s  a t  32'F are typical f o r  nickel-cadnihn ce l l s .  

I n  these  graphs,  a mininm of two cyc le s  are p l o t t e d  f o r  each 
This d a t a  shows t h a t  t h e  i n p u t  

The o:ltpl-lt 

low input a?d 
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TABLE 5 

Comparison of F ina l  Output Capacity Phase I wi th  

Initial Output Capacity Characterization Testing* 

Phase I Characterization Test 
Output Capacity Output Capacity 

S/N Code. Amp. H r s .  Amp. Hrs. b c  * 
3015 
3016 
3017 
3020 
3021 
3022 
3023 
3025 
2966 
2969 
2992 
2972 
2973 
2997 
2998 
2974 
2975 
2999 
3000 
2979 
2980 
3001 
3002 
2981 
2983 
3 0 3  
3007 
2987 
2988 
3013 
3014 

NS-L3OO 
NS-LjOO 
NS-L300 
NS-L300 
HS-LjOO 

Hs-L390 HS-L3 0 
HS-L300 
NS-F'j-L295 
HS-F5-L295 
HS-05-L295 - . 
NS-F42-L258 
HS-F42-L258 
NS-042-L258 
HS-0424258 
N3-F7 5-L225 
HS-F75-L225 
NS-075-L225 
HS-075-L225 
NS-FllS-Ll83 
HS-Fll7-Ll83 
NS-0117-Ll83 
HS-0117-Ll83 
NS-Fl70-Ll3 0 
HS-Fl7 0 4 3  0 
NS-0170-LL30 
HS-017O-Ll30 

IJS-F300-L1 

HS-03 00-Ll 

NS-F~OO-LI 

N S - G ~ ~ O - L ~  

1.71 
3 -04 

2.83 
2.75 
1.56 
3 953 
3 003 
2-35 
2.97 
3 -45 

3.27 

- 

2.03 
3 *I5 
1.80 
3 004 
1.07 
2.36 
0.95 
2 -49 
3 .oo 
1.88 
3 .OO 
3 -44 
3 -04 
3.16 
1.65 
2.71 
4 -45 
3 -27 
4.19 
3.91 

1.12 
3.06 
0.85 
2.68 
2.17 
0.73 
3 2.3 

1.47 
2.28 

- 2 ~ 3 6  - 

2 -37 
1-43 
2.61 
1.18 
3.11 
0.60 
1.68 
0.05 
2.16 

0.05 
3.20 
3 .oo 
2.69 
2.69 
0.81 
2.27 
3 -85 
2.71 
4.20 
3 -70 

2 -39 

-0 59 
+0.02 
-2.42 
-0.15 
-0.58 
'-0.73 
-0.30 
-0 67 
-1.88 
-0.69 
-0.08 
-0.60 
-0 54 
-0.62 
+0.07 
-0.47 
-0.68 
-0.90 
-0 -33 
-0.. 61 

. -1.83 
c0.20 
-0 *,!& 
-0.35 
-0 47 
-0.84 
-0 .& 
-0.60 
-0.56 
+o .01 
-0.21 

% 
Change_ 

-34 5 
'+OO .7 
-74 .o - 5.3 
-21.1 
-46 8 - 8.5 
-22.1 
-80.0 
-23.2 - 2.3 
-29.6 
-17.1 
-34.4 - 2.3 
-43 -9 - 

-28.8 
-94.7 
-13.3 - 

- 

-29.3 
-57.3 
+ 6.6 
-12. e 
-14.9 
-50.9 

-13.5 
-17.1 
+oo. 2 - 5.4 

-11.5 

-16.2 

i+ The c e l l s  were on open circclit charge stand f o r  3 months between Phase I 
and Phase 111 test ing.  . 

* Change i n  input capacity between las t  discharge:half cycle of Phase I 
and t he  first discharge half  cycle of characterization t e s t ing  (- sign 
denotes decrease and - s i z e  denotes an increase), 



"he high input and low output capaci ty  observed a t  110°F i s  a l s o  nor- 
mal f o r  nickel-cadmium c e l l s ,  as i s  the  observed decrease i n  output 
capaci ty  a t  a given temperature as  t h e  discharge r a t e  i s  decreased. 
This e f f e c t  i s  more noticeable a t  32°F and 110OF. 

I n  Phase I t e s t i n g ,  the output capaci ty  re f lec ted  t h e  behavior of 
t h e  input  capacity: 
a corresponding low output capacity resu l ted  and vice-versa. The 
previous statement re fers  only t o  c e l l s  of Phase I which were used 
i n  Phase I11 t e s t i n g .  Also i n  Phase I t es t ing ,  both the input  and 
output capac i t ies  remained fa i r ly  constant a f t e r  the  50th cycle.  
The i n i t i a l  capaci t ies  of Phase I11 t e s t i n g  which were a t  t h e  same 
temperature and rates (75"F, 400 m a  charge ha l f  cycle and 800 ma 
discharge ha l f  cycle) are i n  general  comparable t o  those observed 
at the  termination of Phase 111. Inspection of Figures 6 through 
36, and the data  presented i n  Table 3 show t h a t  the  f i n a l  capac i t ies  
a t  75"F, 400 ma charge and 800 ma discharge (cycle 54 through 57, 
and 62 through 65) of same of the c e l l s  exhibi t  both lower input  
and output when compared t o  the i n i t i a l  capaci t ies  a t  t h e  same 
temperature and rates of Phase I11 t es t ing .  I n  addition, these 
f i n a l  capac i t ies  are e r r a t i c ,  i n  t h a t ,  i n  some cases high input  
capac i t ies  resu l ted  i n  l o w  output capaci t ies ,  Znd low input  capa- 
c i t ies  resu l ted  i n  approximately equivalept output capac i t ies .  
cells which showed a notable reduction i n  both input  and output 
capac i t ies  during Phase I11 t e s t i n g  are presented i n  Table 6. The 
in i t i a l  capaci t ies  of Phase I11 t e s t i n g  (cycles 1 through 11) were 
compared with the f i n a l  capaci t ies  a t  the  same temperature and 
r a t e s  (cycles 54 through 57 and cycles 62 through 65). 
presented i n  Table 6 are average values,  

t h a t  i s ,  i f  a low input capaci ty  was  observed, 

The 

The data  

The average reduction i n  input  capac i t ies  of the c e l l s  presented 
i n  Table 6 was 23.3 percent while the average r e d x t i o n  f o r  the 
output capac i t ies  resu l t ing  from the  Phase 111 t e s t  p h r a m t e r s  
was 15.5 percent. 

Although a l l  the c e l l s  expsrienced r e l a t i v e l y  low input  and output 
capac i t ies  during Phase I11 t e s t l n g  a t  32"F, several  c e l l s  exhibited 
except ional ly  low input and output capzci t ies .  
presented be low: 

These c e l l s  a re  

1) S/h 3015 (NS-L300) - Figure 6 
2) S/h 2974 (NS-F75-IS225) - Figure 21 
3)  S/N 2999 (NS-075-L225) - Figure 23 
4 )  S b  2983 (HS-Fl7O-Ll30) - Figure 30 



Cell  Code 
S/N 
- - 
3020 NS-L300 

3021 HS-L300 

2966 NS-F5-L295 

2997 NS-OQ-L258 

2975 HS-F75-L225 

2999. NS-075-L225 

TABLE 6 

REDUCTION OF INPUT AND OUTPUT CAPACITY 

Reference Input Capacity $ Input 
Figure I n i t i a l  -F ina l  Redunction 

AH - AH z 
9 5.60 

10 5.60 

us 3 -73 

19 . 5.60 

22 5.60 

23 5.60 

3003 NS-0170-Ll30 31  4.95 

2987 NS-F3OO-L1 33 5.60 

5.20 - 7.1 
4.05 -27 -7 

3 -24 - 8.8 

3 046 -38.2 

3 -46 -38.2 

3 -40 -39.3 

3 -96 -17 -7 

5 -09 - 9.1 

. -  .- - 
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Output Capacity % Output 
I n i t i a l  F ina l  Redunction 

AH AH 

2.99 2-50 -16.4 

3 -58 3.00 -16.2 

2.96 2.66 -10.1 

3 *54 2.82 -20.4 

3.18 2.98 - 6.5 

3.43 . 2.04 -40.5 

3 -59 3.10 -13.7 

4 *39 3.98 - 9.3 

I 



The negl igible  input capaci t ies  observed a t  32°F f o r  t he  above 
ce l l s  resu l ted  from t he  end of charge voltage being reached shor t ly  
a f t e r  the i n i t i a t i o n  of the  charge half  cycle, indicat ing a ra ther  
high r e s i s t i v e  path within the c e l l s .  However, t h i s  r e s i s t i v e  path 
was t r ans i to ry  i n  nature, i n  t ha t ,  i t  disappeared af ter  severa l  
cycles a t  32°F o r  when the t e s t  temperature w a s  increased. 

During the  first 21, cycles, Cell  S/hr 3017 (NS-L300 - Figure 9) 
shoyed an average input capacity of  about 5.6 ampere hours which 
i s  iden t i ca l  with the input capacity observed a t  the termination of 
Phase I. The output capscity of t h i s  c e l l  during the f irst  24 
cycles was very e r r a t i c ,  varying from approximately 3.1 ampere 
hours t o  0.25 ampere hours with an average (from Figure 8)aof about 
1.61 ampere hours, This c e l l  a t  the termination of Phase I t e s t ing  
exhibited a r a the r  constant output capacity of approximately 3 . 5  
ampere hours. 
the first 24 cycles was 54 percent l e s s  than the  average output 
capacity observed a t  the termination of Phase I. 
cycley the  c e l l  would no t  accept a charge. 
end of charge voltage immediately when placed on charge. 

SeverLth-five percent (75%) of the c e l l s  which exhibi ted e r r a t i c  
capacity during Phase I11 tes t ing  had not been subjected t o  heat 
s t e r i l i za t ion .  This tends t o  confirm one observation of Phase I 
testing that s t e r i l i z e d  c e l l s  show a greater  degree of s t a b i l i t y  
than uns te r i l i zed  c e l l s .  
I and 111, indicat ions are tha t  s t e r i l i z a t i o n  imparts some degree 
of s t ab i l i za t ion .  In  addition, Phase 111 t e s t i n g  showed t h a t  f o r  
any given temperature-discharge rate cab ina t ion ,  t h e  output capacity 
was higher f o r  c e l l s  which had been subjected t o  s te r i l i za3 .cn .  
Fig.res 37 and 38 show the variance of output cspaci ty  f o r  s t e f i l i z e d  
and nonster i l ized c e l l s  with temperature and discharge r a t e  respec- 
t ively.  
the average values fo r  t h e  cycles shown. 
t h i s  Presentation were the f i n a l  cycles a t  the  spec i f i c  temperature 
and discharge rate. 

The average output capacity of t h i s  c e l l  during 

After the  24th 
The c e l l  would reach 

Thus, within the t es t  condltions of Phase 

The output capaci t ies  given i n  the Figures 37 and 38 are 
The cycles chosen f o r  

Figures  39 through 50 show more dramatically the  e f f e c t  of decreased 
capacity a t  a given temperature as t he  discharge r a t e  i s  increased. 
The data  i n  these graphs show the discharge voltage versus time a t  
constant temperature f o r  t he  vzrious discharge rates. 
shou the  discharge curves t o  the end of discharge voltage as specif ied 
i n  Section 3.3. The l a s t  cycle performed a t  the  spec i f ic  tempera- 
ture-discharge r a t e  combination was used in making t h e  p lo t .  Four 
cells =re chosen f o r  the presentation of t h i s  data  based on t h e i r  
typical output capaci t ies  a t  the termination of the character izat ion 
testing and the  number of cycles performed on each during Phase I 
testing. "he f w r  cells z d  their Phase I history Used in making 
these graphs are presented below: 

The graphs 



S e r i a l  Number 

3015 
3021 

3987 

2988 
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Phase I History 

NO s t e r i l i z a t i o n ,  l i f e  cycles 300 days 

No s t e r i l i z a t i o n ,  l i f e  cycles 300 days 

No s t e r i l i z a t i o n ,  f l o a t  charged 300 days,  
1 cycle 

Heat s t e r i l i z e d ,  f l o a t  charged 300 days 
1 cycle 

The above four  c e l l s  were a l s G  used f o r  the  graphic presentation 
of t h e  e f f e c t  of temperature a t  constant discharge r a t e ,  Figures 5 1  
through 62. 
increasing t o  a maximWn a t  ?5OF, then f a l l i n g  of f  again at llO°F 
1 s  shown. 

The t e n  (10) day open c i r c u i t  stand voltages presented i n  Table 4 
show t h a t  a l l  c e l l s  had about t h e  same open c i r c u i t  voltage a t  t h e  
beginning, and very l i t t l e  decrease was observed during t h e  ter, day 
stand. . 

Here again,  the  e f f e c t  of low capac i t ies  a t  32OF 

Figure 63 presents voltage data  f o r  a t y p i c a l  24 hour 'cycle. 
S/N 3021 was hsed f o r  the presentat ion of t h i s  data .  The da ta  s h o m  
was taken from t h e  10th cycle which was a t  75OF with a 400 ma charge 
half cycle and a 800 m a  discharge half  cycle. 
dzfa f o r  one complete cycle,  including t h e  voltages f o r  t h e  charge 
half cycle,  discharge half cycle and open c i r c u i t  stand. 

Figure 64 snows the  var ia t ion of temperature of the  t e s t  ekmber,  
c e l l  S/N 3015, and c e l l  3021 ( these c e l l s  were temperature 
monitored with thermocouples) f o r  a charge half-cycle a t  3 P F ,  75OF 
and llOoF. 
performed a t  t h e  specif ic  temperature. 
similar data  f o r  the  various discharge r a t e s .  

C e l l  

The da ta  shows voltage 

The cycles used f c r  t h i s  presentation a r e  t h e  f i n a l  cycle 
Figures 2 ,  3 and 4 present 
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5 .O POST CHARACTERIZATION TEST 

The c e l l s  used i n  t h i s  t e s t  were leak checked, weighed and dimen- 
s iona l ly  measured a t  t h e  termination of Phase I and s ince the  c e l l s  
had been e s s e n t i a l l y  inact ive,  having been on open c i r c u i t  stand 
between Phase I and Phase 111, these  measurements were not  repeated 
upon i n i t i a t i o n  of Phase 111. However, these t e s t s  were m d e  a t  
the termination of Phase 111, 

5 -1 Mechanical Tests 

5.1.1 Visual Inspection 

A t  the  termination of t h i s  Phase (111) the  thirty-one (31) cel ls  
under test were v isua l ly  inspected f o r  evidence of leaks,  case 
bulge due t o  pressure build-up and any other  defects .  
Ppection revealed no changes i n  c e l l  appearance from the  previous 
,inspection made a t  the termination of Phase I. 

This in- 

5.1.2 Cell Weight 

The weight of  each c e l l  was measured on a Sar tor ius  s i n g l e  pan 
balance, Type 2432, a t  t h e  termination of t h i s  Phase (111). The 
weight measurements of each c e l l ,  as measured a t  the  te rn ina t ion  
of Phase I and t h i s  phase (111) are recorded i n  Table 8 .  As c w  
be seen from the  data ,  except f o r  cell having S f i  2966, t h e r e  was 
l i t t l e  change i n  weight betwem the  Phase I and Phase I11 *wights 
as measured. 
grams, seven (7) c e l l s  showed a weight l o s s  o f  0.01 gr331, tws (2 )  
cells showed a weight l o s s  of 0.04 gram, and twenty (20)ce l l s  showed 
no weight l o s s ,  
i n  weight, a loss  i n  excess of 0.1 gram i s  considered s i g n i f i c a n t  as 
t h e  o r i g i n a l  weight of e l e c t r o l y t e  so lu t icn  i s  a s s w d  t o  be 13 grxis .  

Cel l  having S/h 2966 showed a weight l o s s  of 3.57 

I f  water i s  essumed t o  be responsible fcr m y  loss 

5.1.3 C e l l  Dimensions 

C e l l  dimensions were measured a t  the termination of t h i s  phase (111). 
The accuracy of the  measurements was 2 0.001 inch. 
shown i n  Table 8. Also, presented i n  Table 8 f o r  comparison purposes 
are the rceasurements made at' the termination of the l i f e  cycle t e s t  
of Phase I. The s l i g h t  differences between the  two s e t s  of  data  are 
believed t o  be due t o  n o n - u n i f o d t y  of c e l l  cases and the  points  of 
measurements ra ther  than from e f f e c t  of the tests performed. 

The d a t a  are 

5.1.4 A l k a l i  Leak Test 

The c e l l s  were t e s t e d  f o r  e l e c t r o l y t e  leakage around the c e r d c  t o  
metal seal and around the weld areas a t  te rn ina t ion  of Phase 111. 
The c e l l s  were checked with the following chemical ind ica tor  solut ion,  
which produces a red  s t a i n  in the presence of a l k a l i n i t y ,  
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Cell Cell Weight (Grams) 
Serial No. Post-Life Cycle ‘a) Post -Characterization aw - (b) P, chawe 

. 

29 66 
29 69 
2972 
2973 
2974 
2975 
2979 
2980 
2981 
2983 
2987 
2988 
2992 
2997 
2998 
2999 
3000 

3002 
3003 
3007 
3013 
3ou 
3015 
3016 
3017 
3020 
3021 
3022 
3023 
3025 

3001 

165.90 
164.70 

166.66 
164 53 
163.52 

166.96 
166.61 

167.51 
168.35 
164.97 
170.00 
170.20 

164 13 
165 64 
167.18 
165.48 
166.62 
166.68 
167.00 
164.56 
166.05 
168.42 
167.21 
165.32 
166.4.4 
167.92 
168.37 

169.20 

165.22 

166.24 

163 59 

165 -33 -0.57 
164.69 -0.01 
169.20 .0.00 
166.66 0.00 
164.53 0.00 
163.52 0.00 
165.22 0.00 

166.61 - 0 . F  
166.24 0.00 
167.51 0.00 
168.35 0.00 
164.97 0.m 
170.00 0.00 
170.20 0.00 
163.58 -0.01 
164 13 0.00 
165.63 -0.01 
167.18 0.00 
165.48 0.00 
16’6. 62 0.00 
166.68 0.00 
166.99 -0.01 
1b .52  -0.04 
166.05 ’ 0.00 
1.68 e 42 0.00 
167.20 -0.01 
165.32 0.00 
166.@ -0.01 
167.91 -0.01 
168.36 -0.01 

166.96 . -0.04 

-0.35 - -0.01 
0.00 
0.00 
0.00 
0.00 
0.00 - -0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 - -0.01 
0.00 - -0.01 
0.00 
0.00 
0.00 
0.00 

-4.01 - -0.02 
0.00 
0.00 
0.01 
0.00 
0.01 
0.91 
0.01 

(a) 

(b) 

C e l l  weight measured a t  termination of Phase I test ing.  

Difference i n  weight between post cycle and post characterization; 
neeative sign denotes a 10SS of weight. 
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C e l l  Dimensions (Post Life Cycle Test - Post Characterization) 

Test Eqr?L;ment: 

Veriner Ca l ipe r  - - Lufl5n I b m  701 - + 0.001 inch accuracy 
Height Gage -- Brown and Sharp Nom 58’ + - O m 0 0 1  inch accuracy 

a - diameter of c e l l  
c - t op  of ceraniic t o  high point  of base 

Cell  
Serial ;JOm 

2966 
2969 
2972 
2973 
29‘74 
2975 
2979 
298) 
2981 
2983 
2987 
2988 
2992 - 2993 
2998 
2999 
3000 
3W1 
3002 
3003 
3007 
3013 
3ou, 
3015 
3016 
3017 
,3020 
3021 
3022 
3023 
3G25 

Cell Dinensions (Inches) 
Post Life Cycle Post Characterization 

C C 



Indicator  Solution 

0.5 gram phenophthalein 
250 cc o f  96 percent e thyl  alcohol 
20 cc d i s t i l l e d  water 

There was no evidence of a l k a l i n i t y  on any of the  c e l l s  which had 
been subjected t o  t he  Phase I11 character izat ion tes t ing .  

i 



m e  end of charge voltage-temperature-discharge r a t e  combinations 
used i n  the c e l l  characterization tes t  program resu l ted  i n  a l t e r i n g  
the  c e l l  output capaci t ies  from t h a t  observed a t  t h e  termination of 
Phase I tes t ing .  
mately 73 percent of the  s t e r i l i z e d  c e l l s  showed a higher output 
capacity than comparable c e l l s  which had n o t  been s t e r i l i z e d .  
capac i t ies  of the s t e r i l i z e d  c e l l s  ranged from 1.3 percent t o  
163 percent higher with an average of 51 percent. 
of Phase I11 (Oharacterization Test Program), the  output capac i t ies  
were similar t o  those observed a t  the termination of Phase I. A t  
the  start of Phase 111, approximately 83 percent of the s t i r i l i z e d  
c e l l s  had a higher capac i ty than  comparable c e l l s  which had not  been 
steri l . ized. The capaci t ies  of the  s t e r i l i z e d  c e l l s  ranged from 
0.9 percent t o  41 percent higher with an average of about 17 percent,  
which i s  lower than t h a t  observed a t  t h e  termination of Phase I 
t e s t i n g .  
s t e r i l i z e d  c e l l s  showed higher capacity than comparable c e l l s  which 
had not  been s t e r i l i z e d .  
ranged from 12 percent t o  28 percent higher with an average of  20 
percent. 
of Phase I11 t e s t i n g  t o  about 45 percent a t  the  termination of 
Phase I11 of s t e r i l i z e d  c e l l s  showing higher capac i t ies  than 
comparable nonster i l ized c e l l s  could have resu l ted  f ron  e i t h e r  the 
tes t  parameters of temperature and discharge rates used i n  Phase I11 
t e s t i n g ,  o r  possibly f r o m  the c e l l  reconditioning performed during 
the  6 t h  cycle. 

Cel l  S/N 3017 f a i l e d  during the e l e c t r i c a l  performance inves t iga t ion  
test  program. 
reach end of charge voltage immediately upon being placed on charge, 
indicat ing a high in te rna l  impedance. It i s  doubtful t h a t  t h e  cycle 
sequence of temperature and discharge rate var ia t ion  used in t h i s  
t e s t i n g  was t h e  primary cause of f a i l u r e .  
f o r  fa i lure  analysis  t o  attempt t o  determine t h e  cause of f a i l u r e .  

A t  the  termination of Phase I tes t ing ,  approxi- 

The 

A t  the  start  

A t  the  termination of Phase 111, only 45 percent of t h e  

The capaci t ies  of the  s t e r i l i z e d  c e l l s  

The reduction from approximately 80 percent a t  the  s ta r t  

The c e l l  would not accept a charge i n  t h a t  it would 

This c e l l  has been se lec ted  

Input capaci ty  was found t o  increase as the temperature increased. 
Output capaci ty  was low a t  32'F, was a t  maxilnum a t  75"F, and low 
again a t  llO°F- The average output capaci ty  of t h e  c e l l s  a t  0.800 
ampere discharge rate was 2.23 ampere hours a t  32°F (cycle 27), 
3.51 ampere hours at 75°F (cycle 10) and 2.07 ampere hours a t  
110°F (cycle 42). 

An increase i n  the discharge rate at a given temperature tended t o  
reduce the  output capacity. 

In  general ,  t h e  appearance and physical integrity of the  c e l l s  
remained unchanged during the  c e l l  character izat ion tes t  program, 
indicat ing no physical'damage was caused by the cycle sequence 
of varying temperature and discharge rates. 
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Several c e l l s  exhibited negl igible  input and outpQt capac i t ies  
during 32°F t e s t i n g ,  
voltage immediately when placed on charge ind ica t ing  a high i n t e r n a l  
impedance. 
as it returned t o  normal e i t h e r  a f t e r  severa l  cycles a t  32°F o r  when 
t h e  temperature was raised t o  the 110°F t e s t  temperature. 

These c e l l s  would reach end of charge 

However, t h i s  high impedance was t r a n s i t o r y  i n  nature 
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